


EEG evidence of statistical learning in
preverbal infants
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Statistical learning is a powerful implicit learning mechanism. It has been shown that
very young infants use adjacent transitional probabilities to segment continuous speech into its
constituent words. In this study, using electroencephalography, we investigate infants’ ability
to compute statistical dependencies between more distant elements, and extract the underlying
structure of a continuous speech stream. We also explore the interplay between experience and
maturation, comparing 8-months-old full-term with preterm infants matched by maturational
age or duration of exposure to speech. First, during a training session, infants were exposed
to a 2 minutes continuous synthesized speech stream comprising AxC “words” separated by
subliminal 25ms pauses. Then, during the subsequent test session, infants were presented with
either “rule-words”, that did not appear during training, but followed the training rule, or
“part-words”, that appeared in the stream, but violated the rule. Using frequency tagging to
analyze the training, we found a significant power increase at the syllabic but also at the word
frequencies suggesting that infants were indeed parsing the stream into words. Rule learning
was confirmed by the significantly different responses to “rule-words” and “part-words” around
550ms and 1400ms after word onset. These results, observed in the 3 groups, suggest that long-
distance dependencies are rapidly and easily used by infants to extract structural regularities in
speech.

Keywords: Language development, electroencephalography, implicit learning
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Multiparametric MRI to study brain
development: Two novel promising
approaches
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Magnetic Resonance Imaging (MRI) and Diffusion Tensor Imaging (DTT) are important tools
in developmental neuroscience providing various parameters that reflect different microstructural
properties of the maturing brain tissues. Although it is possible to make inferences on the brain
maturation stage based on individual MRI/DTI parameters, multiparametric approaches merg-
ing complementary information from several parameters may provide additional knowledge that
cannot be revealed with individual parameters. Here we present two examples of such approaches
and their applications.

The first approach was used to describe maturation asynchrony across 18 white matter bun-
dles during normal development. This approach compared infant (aged 3- to 21-week old) and
adult groups using the Mahalanobis distance computed from four complementary MRI param-
eters: quantitative T1 and T2 relaxation times, longitudinal and transverse diffusivities from
DTI. In agreement with post-mortem studies on the maturation progression across brain regions,
this approach finely confirmed maturation asynchrony across the bundles and was more reliable
than univariate approaches. Additionally, Mahalanobis distance allowed estimating the relative
maturational delays between the bundles confirming that the motor and sensory pathways ma-
ture much earlier and faster than associative bundles in the first months of life.

The second approach focuses on quantification of the brain myelin content through an MRI
index, named Myelin Water Fraction (MWF), which is derived from multicomponent analysis
of T1 and T2 relaxation signals. MWF corresponds to the fraction of water trapped by the
myelin sheaths relative to the total water volume within a voxel, and it is thought to better
correlate with the myelin load than individual MRI/DTI parameters. Whereas existing MWF
quantification strategies require long acquisition and/or post-processing times, we describe an
original approach enabling fast and robust MWF mapping to be used both in research studies
on normal or pathological development (e.g. in children with metachromatic leukodystrophy)
and in clinical practice.

Keywords: Magnetic Resonance Imaging (MRI), Diffusion Tensor Imaging (DTI), development,
white matter, Mahalanobis distance, Myelin Water Fraction (MWF)
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Assessment of Macromolecular and
Metabolic Alterations during Normal Brain
Aging in the Dark Agouti Rat using 1H
MRS at 17.2 Tesla
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Introduction
Normal brain aging is usually associated with a decline in brain function. Yet, the neural basis of
age-related cognitive dysfunction in the healthy aging brain remains to be elucidated. Metabolic
alterations have been observed during normal human aging in vivo using the technique of Mag-
netic Resonance Spectroscopy (MRS) on 1H and 13C nuclei previouslyl,2. In our study, we
sought to explore these metabolic alterations in the healthy rat brain in vivo using 1H MRS at
17.2 T.

Methods

For this study, Dark Agouti rats were used because of their reduced weight at an advanced
age. The following 3 cohorts were used: 6 “Young” rats (1 month old), 6 rats (8 months old)
and 4 “Elderly” rats (16 months old). Animals were anesthetized using isoflurane and body
temperature was maintained at 37° £ 0.5°. All experiments were performed on a 17.2 T/26 cm
Bruker BioSpec MRI scanner. Anatomical images were used for positioning. 1H MR Spectra
were acquired using LASER on a 50 L. volume of interest (figure 1). Absolute metabolite con-
centrations were derived using water as an internal reference of concentration and were corrected
for relaxation effects. Statistically significant differences between the young and elder cohorts
were established using a bilateral Welch’s t-test.

Results and conclusions

Figure 1 shows typical THMR, spectra from a young and an old rat. Figure 2 summarizes
some of the metabolic changes observed with brain aging. Notably, significant increases of myo-
inositol (+26%) and choline levels (+35%) were found as well as a higher content of NMR-visible
macromolecules, consistent with glial activation and neuro-inflammation. Besides, decreases of
GABA (-19%) and glutamate concentrations are consistent with a decline of neural function
during aging.

References
1. Boumezbeur F et al., J Cereb Blood Flow Metab. 2010. 2. Chang L et al., Life Sci. 1996.

Keywords: Brain, Aging, NMR Spectroscopy, Rat, Ultra, High Magnetic Field, Quantification

*Speaker
fCorresponding author: Alfredo. LOPEZKOLKOVSKY Qcea.fr

36



MRI guided ultrasound induced blood-brain
barrier disruption for the safe and efficient
drug delivery to the brain
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The blood brain barrier (BBB) protects the central nervous (CNS) system by regulating
the exchange with the blood, but also prevents promising drugs from accessing the brain in
sufficient quantity. Recently, a technique using short sonications of circulating microbubbles has
shown its capability to disrupt the BBB locally, transiently and non-invasively, allowing large
molecules to access the CNS, and facilitating the delivery of drugs to the brain. To do so, MRI
guidance ensures a precise control of the disruption location and deposited acoustic intensity
prior to BBB opening. MRI also enables to map and quantify the diffusion of MR contrast
agents injected after disruption.

We developed a MR compatible motorized setup for rodent transcranial experiments which
allows the displacement of the ultrasound transducer within a 7T MRI preclinical scanner. Cou-
pled to the implementation of a MR Acoustic Radiation Force Imaging (MR-ARFI) sequence
allowing the localization of ultrasound focal spot with no damages to the brain, we are able to
choose precisely the location of the disruption site prior to the BBB opening, improving the
reproducibility of our experiments. The motorization of the transducer also enables performing
BBB disruption along arbitrary trajectories or over large regions of the brain, for example to
deliver molecules to a whole hemisphere, keeping the other as a control. Finally, being able to
move the transducer allows testing the influence of different acoustic conditions on one animal
during the same session.

This system, together with quantitative MRI sequences enabled us to study the safety of ultra-
sound parameters used for BBB disruption. We also measured the dynamic of BBB closure after
its disruption and estimated the maximum size of molecules which can cross the BBB thank to
this technique.

Keywords: drug delivery, ultrasound, MR guided, Blood Brain Barrier, Blood Brain Barrier opening
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COMPREHENSIVE ANALYSIS OF
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Fine-scale connectivity patterns of neural circuits are established during development through
both formation and elimination of axonal branches and synapses. Understanding the rules gov-
erning this process requires synapse-level mapping of neural wiring in order to measure the
degree of convergence and/or divergence within a circuit. While such mapping has been pos-
sible in the peripheral nervous system, it is challenging to undertake in the brain due to the
problem of scale. Most neural tissue is densely packed with fine neural processes extending
long distances in three dimensions and with small synaptic structures. One exception is the
binaural circuit of the auditory brainstem. This circuit has unusually large synaptic structures
called calices of Held, located in the medial nucleus of the trapezoid body (MNTB). In early
postnatal life synapse elimination is thought to result in a strict 1:1 connectivity between pre-
and post-synaptic neurons. However, using transgenic Brainbow mice harboring distinct color
labels in individual neurons, we observe unambiguous instances of 2:1 axonal convergence in
the MNTB at mature stages. To quantify and map these multi-innervations, we have devel-
oped methods to reconstruct and analyze all ~2500 caliceal synapses of the MNTB from serial
brainstem sections imaged with confocal microscopy. At three postnatal stages examined (after
sound-evoked activity onset), we observe a constant ~10% fraction of multi-innervated MNTB
neurons. Thus, a subset of MNTB neurons appears to resist a transition to mono-innervation.
Our analysis reveals that these unexpected 2:1 convergences appear in non-random clusters and

*Speaker
fCorresponding author: jean.livet@inserm.fr

38



follow a density gradient within the MNTB. To understand which factors help maintain these
convergent binaural axons, we have established methods to retrace them to their origin in intact
brainstem tissue, using novel multicolor two-photon microscopy approaches. These approaches
should prove useful to analyze connectivity in the MNTB, and cytoarchitecture in other large
tissue volumes.

Keywords: circuits and connectivity, whole, nucleus analysis, Brainbow, binaural circuit, circuit
maturation
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Prdm12 regulates placode and neural crest
development in Xenopus laevis embryo
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The neural crest is a transient embryonic cell population that gives rise to a wide variety

of derivatives in vertebrates. We are interested in the gene regulatory network orchestrating
neural crest early induction at the neural border. We have recently shown that Pax3 is a key
actor in this process (1). In a large-scale screening approach, we have identified Prdm12 as an
immediate early target of Pax3 in the developing embryo.
The Prdm proteins modulate transcription of target genes and play critical roles in a variety of
developmental processes. Prdm proteins contain a N-terminal PR domain related to the SET
methyltransferase domain, and zinc finger motifs. Prdm factors may either act as direct histone
methyltransferases or recruit histone modifying enzymes to target promoters (2).

In this work, we investigate the role of Prdm12 in Xenopus laevis development. We show that at
neurula stage, Prdm12 is expressed in the neural tube and in cephalic placodes. Using gain and
loss of function approaches, we show that Prdm12 is important for both placodal development
and neural crest migration.

Cécile Milet et al., PNAS 110(14), 5528-33 (2013)
Tobias Hohenauer and Adrian W. Moore, Development 139, 2267-2282 (2012)

Keywords: Prdm12, Pax3, neural crest, placode, xenopus laevis
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Zebrafish larva represents an excellent model organism for studying behavior at the neu-
ronal level because of its smaller nervous system, optical transparency and diverse behavioral
repertoire. To study gustatory neural responses and the corresponding motor behavior, we
developed an innovative microfluidic chip that enabled the presentation of different gustatory
stimuli simultaneously in a well-controlled environment, at different durations with unprece-
dented spatio-temporal accuracy. This chip was integrated into two-photon microscope to mon-
itor the dynamics of large number of neurons with single-cell resolution in transgenic zebrafish
expressing GCaMP.3 in hindbrain and forebrain gustatory areas. Additionally, a behavioral
set-up was integrated to record the kinematics of tail movements, enabling direct correlations
between gustatory-driven neural changes and the motor outputs. Using these methodology, we
find that in the vagal lobe, compounds with different hedonic values activated non-overlapping
neural circuits. An increase in the duration of the stimulus linearly correlated with the number
of activated neurons in the vagal lobe, and with the probability of inducing a motor behavior.
No correlation was observed between stimulus duration and the level of neuronal activity, sug-
gesting that the probability of generating a gustatory-induced behavior depends on the number
of neurons activated rather than the relative activity of a specific group of neurons. Altogether,
the combination of innovative, cutting-edge techniques allowed us to have a comprehensive and
causal correlation between a natural sensory stimulus and the dynamics of significantly larger
neural population with single-cell resolution in intact and behaving vertebrate.

Keywords: Zebrafish, Two, photon imaging, GCaMP, Microfluidics, Gustatory stimuli
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Compressed sensing for high resolution MR
microscopy of neuronal tissue
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Despite the fact that the modern magnetic resonance imaging (MRI) hardware available

today often results in sufficiently high signal-to-noise ratio (SNR) for a single signal average to
be acquired, the total experimental time, dictated only by the requirement for sufficient k-space
coverage, can be extremely long, prohibiting the very high resolution imaging of live biological
systems. In such cases compressed sensing (CS) approaches hold great potential. The use of
CS methods to the reconstruction of magnetic resonance images has been reported mainly in
clinical settings where it shows great promise in applications requiring fast acquisition such as
cardiac imaging [1].
In this work we present the implementation of CS on a high field preclinical scanner and its ap-
plication to high resolution magnetic resonance microscopy (MRM). Undersampled masks were
generated based on the diffusion limited aggregation (DLA) random growth model [2] starting
from a fully encoded rapid acquisition with relaxation enhancement (RARE) pulse sequence
(distributed by Bruker Biospin). The new acquisition scheme (CS-RARE) reduced the experi-
ment time by more than a factor of two (47%) while preserving the spatial resolution and image
contrast. We acquired fully encoded and under-sampled 3D images of buccal and abdominal
ganglia of Aplysia californica (25 microns isotropic resolution). For image reconstruction we
used a 3D version of the Sparse MRI toolbox [1]. An automatic cell segmentation algorithm
allowed us to compare the two sets of images and evaluate the performance of the CS-RARE
acquisition. We find that compressed sensing is applicable to imaging live neuronal tissues,
allowing significantly shorter acquisition times while providing the image quality necessary for
identifying the majority of neurons.

References:

Lustig, M., et al., Magn. Reson. Med., 58(6), 2007.
Witten, T. A. and Sander, L. M., Phys. Rev. Lett., 47, 1981.

Keywords: magnetic resonance imaging (MRI), compressed sensing (CS), magnetic resonance mi-
croscopy (MRM), cell segmentation, diffusion limited aggregation (DLA)
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Characterization of cholinergic
Ca2+-response of the Kenyon cells of the
Mushroom-Bodies reveals a
PKA-independent effect of cAMP, by
in-vivo functional calcium brain imaging, in
Drosophila.
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In Drosophila, the Mushroom-Bodies (MBs) have been implicated in multiple functions,
as olfactory learning and memory, locomotor activity, spatial orientation, sleep, and decision
making. Notably, the MBs, which express the nicotinic Acetylcholine Receptor (nAchR), receive
their main inputs from the cholinergic olfactory pathways, through the Projections Neurons
(PNs). In a former study, we have reported that the stimulation of the MBs with the nicotine
(an agonist of the acetylcholine, which mimics an olfactory input), generates in addition to
the primary response in the dendrites, a delayed secondary response occurring exclusively in
the axons (1). Moreover, we have shown that the cAMP signaling pathway is crucial in the
modulation of this response (1).

In the continuity of this study, we are characterizing, at the cellular and molecular levels, the
nicotine effect on the Kenyon cells (the intrinsic neurons) of the MBs. We use the in-vivo
brain imaging approach, based on the Ca2-+-sensitive bioluminescent sensor (GFP-aequorin), to
record the nicotinic induced Ca2+-response. More specifically we investigate the role of cAMP
pathway (e.g.: dnc, rut, PKA), as well as the different channels (VGCC, CNG, K+, etc.) and
their relationship to the cAMP pathway, in order to dissect their contribution to the different
components of the Ca2+-response and in its modulation. Interestingly, our results bring evidence
that cAMP could act independently of the PKA, through CNG.

1) Martin JR, Rogers KL, Chagneau C, Brilet P (2007). In-vivo Bioluminescence Imaging of
Ca2+-Signaling in the Brain of Drosophila. PLoS ONE 2(3): e275.

Keywords: Drosophila, cAMP, bioluminescent sensor, mushroom bodies, invivo calcium imaging
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The neural basis of Motion After Effect in
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Visual illusions are useful tools for study neuronal mechanisms associated with sensory per-
ception. An example is the motion after effect (MAE) illusion, where visual exposure to con-
tinuous coherent motion (conditioning stimulus, CS) for a period of time induces, following
stimulation offset, the illusory perception of motion in the opposite direction.

Towards a more comprehensive theory to explain the mechanisms underlying MAE we used be-
havioral essays, optogenetics and two-photon imaging of transgenic zebrafish larvae expressing
GCaMP3.

Our results showed that following the presentation of a CS, zebrafish larvae generated optoki-
netic movements in the opposite direction of those induced by CS. This optokinetic MAE-like
behavior was independent of the CS velocity, but strongly dependent on CS duration.

Using optogenetics to transiently block eye movements during the presentation of the CS, we
showed that neither muscular fatigue nor eye-muscle proprioception feedback played a role in
the generation of the optokinetic MAE-like behavior. Furthermore, the MAE-like behavior was
also observed at the level of tail movements, suggesting that the MAE-like behavior is most
probably generated in a sensory rather than a motor brain area.

Using two-photon calcium imaging of the two main visual centers (retina and optic tectum) we
showed that following CS offset, direction selective (DS) neurons in CS direction were strongly
habituated in the tectum but not in the retina, suggesting that the MAE-like behavior is gen-
erated at the tectal circuit. Furthermore, we observed rhythmic neuronal activations specific to
DS tectal neurons in MAE direction. Frequency analysis of these rhythmic activities showed
higher power modulations specific for frequencies matching those of the eye movements during
the MAE-like behavior.

Based on the obtained results, we created a model in which neurons representing a tectal di-

rectional motor command compute the balance between the spontaneous activities of two DS
tectal sub-populations.

Keywords: zebrafish, visual perception, two, photon calcium imaging
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High temporal resolution confocal imaging
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Communication between cells in the central nervous system is encoded in the form of mem-
brane potentials and electrical transients. Optical recordings of these transmembrane potentials
have been recorded using Voltage Sensitive Dyes in the recent years. However the optical record-
ing faces multiple challenges in recording spontaneous neuronal activity and small transients
without electrical stimulations with high spatiotemporal resolutions. Major challenges include
sensitivity, phototoxicity, cytotoxicity and absorption and autofluorescence from the tissues in
cases of in vivo recordings. To overcome the challenges, a new set of VSDs in the near infrared
spectrum have been developed and the functional validation of the new VSDs are performed
using high temporal resolution confocal microscopy. The spectral scan performed using the con-
focal microscopy equipped with a White light Laser on the new VSDs calibrates and confirms
the absorption and emission wavelengths in the near infra red spectrum with an approximate
stroke shift of 50-80nm. Preliminary staining and confocal imaging of the VSDs performed in
primary neuronal culture shows high fluorescence intensities for low laser power hence reducing
the phototoxicity and photobleaching effects. The resonant scanner equipped with the confo-
cal microscope allows high sampling frequency (up to 8KHz in line scanning) with frame rates
of 7-10 frames per second (1 frame/100ms). The membrane depolarization is induced in the
culture by change in ionic concentration of the environment hence avoiding the use of invasive
stimulation electrodes. With this confocal microscopy technique, optophysiological recordings
of transmembrane potentials using the new voltage sensitive dyes can be performed with high
spatial (uM) and temporal (ms) resolutions with simple and minimally invasive procedure.

Keywords: Voltage sensitive dyes, infrared, confocal imaging
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While the majority of functional magnetic resonance neuroimaging investigations are cur-

rently restricted to averaging the signal from thousands of neurons, in the present study we
report activation maps with single neuron resolution [1]. By using manganese enhanced mag-
netic resonance imaging (MEMRI) in combination with custom built coils, optimized acquisition
strategies and an ultra-high magnetic field (17.2T) we are able to obtain high resolution 3D
functional maps (25um isotropic resolution) of intact neuronal networks generating the feeding
behavior in Aplysia.
First, we established that Mn2+ accumulates intracellularly when injected into the living anni-
mals, or when the isolated ganglia are perfused in vitro. Injected animals were used to study the
neuronal responses to sensory stimuli, whereas the in vitro ganglia permitted to image the mod-
ulatory effects of specific transmitters. Second, we demonstrated that the intracellular Mn2+
concentration was different among the identified neurons. Third, we found that the method
implemented here can be used to distinguish different levels of activity in a single identified
neuron in response to different stimuli. Electrophysiological measurements confirmed that the
functional properties of the ganglia and of the identified neurons were not altered and therefore
that the Mn2+ concentration was nontoxic [2].

To conclude, we introduce MEMRI as a functional imaging method that enables high-spatial
resolution recordings of individual neurons within a functional network. Future perspectives
include the application of this technique to probe how different neuronal networks interact to
generate goal-directed behaviors and how these behaviors are regulated by sensory inputs and
learning. Ultimately this approach will help to identify the neuronal plasticity which underlies
the transition from goal-directed to compulsive behaviors.

References: [1] G. Radecki, et al, Proc. Natl. Acad. Sci. U.S.A., vol. 111, no. 23, pp.
8667-8672, 2014. [2] I. O. Jelescu, et al, NeuroImage, vol. 76, pp. 264-271, 2013.

Keywords: MEMRI, MRI, ultra, high field, aplysia, neurons, manganese, fMRI, functional imaging,
high resolution
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SPECT and DESI brain imaging for the
study of a new mouse model for leucopathy
and linked neurodegenerative diseases
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Unpublished patch-clamp experiments allowed the identification of an intracellular lactate-
activated sodium channel. This putative lactate sensor was located in the axonal membrane
and may be involved in the regulation of lactate use. As glucose is also an energy substrate for
the axon, we hypothesized that this sensor is rather involved in oxidative stress control than in
energetic balance. As predicted, histological studies revealed that knockout mice (sensor KO)
have gradual white matter rarefaction with age. We also found lower glutathione concentrations
in the brains of KO mice if compared to those of WT mice. In this work, we compared the
GSH distribution in the brains of WT and KO mice using in vivo SPECT imaging. We used
99m-Tc-meso-HMPAO as radiotracer for GSH localization and cerebral perfusion, and 99mTc-
d,I-HMPAOQO for perfusion control experiments. Surprisingly, we found a lower uptake of both
radiotracers in cerebellum and caudoputamen indicating hypoperfusion in both regions. We
therefore propose that the white matter rarefaction in KO mice may be related to a chronic
cerebral hypoperfusion. This hypothesis was supported by typical histological features. Analysis
of systolic pressure indicates that KO mice were hypotensive but this finding is not sufficient to
explain the appearance of brain hypoperfusion. Lactate is an important energy source but it is
also a signaling molecule for vasoreactivity in the neurovascular unit. We propose that the altered
cerebral blood flow regulation is related to an increased extracellular lactate concentration in our
mutant mice. As it has been shown that the gene encoding for this sensor could be methylated
at a high frequency, expression loss could be linked to human vascular leucopathy associated to
aging and neurodegenerative diseases. To further study the involved molecular mechanisms, we
performed MS imaging experiments (DESI-MS) with slides of brains of WT and KO mice.
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General principles governing the
development of tectal neurons receptive
fields in the zebrafish larva.
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During development functional properties of visual neurons are highly plastic, undergoing

progressive refinement before reaching a mature state. However, despite the large and continuous
neurogenesis processes, developing organisms need to maintain stable neuronal representation of
object features (position, size or motion direction) to perform relevant visually guided behaviors.
Here we asked what are the governing principles that rule the development of visual properties
of tectal neurons at the population level.
For that purpose, we used two-photon calcium imaging of HuC:GCaMP5G zebrafish larvae to
study the stability and dynamics of receptive fields (RFs) and direction selectivity (DS) changes
of large neuronal ensembles in the optic tectum (up to ~500 neurons). The experiments were
performed in developing 6-7 days post fertilization (dpf) larvae every 4 hours for a period of up
to 12 hours.

Preliminary results obtained at single time points indicate that tectal neurons that are sen-
sitive to discreet portions of the visual field displayed robust RFs (low variance across trials).
Conversely, neurons that were close to the neurogenic sites of the OT showed variable RFs
across trials and their RFs were not tuned towards specific regions of the visual field (non-single
gaussian multimodal RFs).

Our working hypothesis is that cells displaying robust RFs already underwent synaptic pruning
and posses few strong synaptic connections. On the contrary, neurons with variable responses
(immature neurons) posses numerous weak synaptic connections. Ongoing studies will shed light
on neuronal principles underlying the maturation of functional neuronal properties (RFs and
DS) along the development of the visual system.

Keywords: zebrafish, 2, photon imaging, visual system, development
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Harnessing multiplex genetics to actuate
and archive neural activity in the circadian
clock circuit of Drosophila
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Abhishek Chatterjeel,2, Joydeep Del,2, Rossana Serpel,2, Jean-René Martin1,2 and Francois
Rouyerl,2
1 Unité NeD, INAF, CNRS, Gif-sur-Yvette, France. 2 Dpt de Biologie, Université Paris-Sud,
Orsay, France.

Photo-actuators and optical sensors of neural activity galvanized circuit neuroscience research.
By trapping into the unparalleled sophistication of the genetic toolkit that the fruitfly offers, the
existing limits of optophysiology are being pushed forward. We harnessed heat to acutely alter
neural activity and employed GFP for longer-term monitoring of circuit activity at single-cell
resolution in the circadian clock network of flies, which controls the sleep-wake cycles. We will
present behavioral and physiological data specifically assessing the logic of hierarchical network
operation in a rhythmogenic model microcircuit.

Please consider only for ORAL PRESENTATION
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